Landslides are among the most important natural hazards that lead to modification of the environment. Therefore, studying of this phenomenon is so important in many areas. Because of the climate conditions, geologic, and geomorphologic characteristics of the region, the purpose of this study was landslide hazard assessment using Fuzzy Logic, frequency ratio and Analytical Hierarchy Process method in Dozein basin, Iran. At first, landslides occurred in Dozein basin were identified using aerial photos and field studies. The influenced landslide parameters that were used in this study including slope, aspect, elevation, lithology, precipitation, land cover, distance from fault, distance from road and distance from river were obtained from different sources and maps. Using these factors and the identified landslide, the fuzzy membership values were calculated by frequency ratio. Then to account for the importance of each of the factors in the landslide susceptibility, weights of each factor were determined based on questionnaire and AHP method. Finally, fuzzy map of each factor was multiplied to its weight that obtained using AHP method. At the end, for computing prediction accuracy, the produced map was verified by comparing to existing landslide locations. These results indicate that the combining the three methods Fuzzy Logic, Frequency Ratio and Analytical Hierarchy Process method are relatively good estimators of landslide susceptibility in the study area. According to landslide susceptibility map about 51% of the occurred landslide fall into the high and very high susceptibility zones of the landslide susceptibility map, but approximately 26 % of them indeed located in the low and very low susceptibility zones.
. INTRODUCTION
Global climate change and the increasing human population over the past few decades have deeply affected the geoenvironment [Wang et al, 2013] . Landslide is a major cause of substantial damages that lead to property and loss of life in many countries across the world every year. It is a major geohazard and can be triggered by earthquakes, volcanic eruptions, flood, or indeed by man-made activities. Landslide susceptibility is defined as the proneness of the terrain to produce slope failures, and it is usually expressed in a cartographic way. A landslide susceptibility map depicts areas likely have landslides in the future by correlating some of the principal factors that contribute to landslides with the past distribution of slope failures [Brabb et al., 1984] . Up to now, several algorithms and models have been proposed for generating the Landslide Susceptibility that mainly include Analytical Hierarchy Process ( AHP) [khazeri et al., 2010] ,logistic regression [Carrara et al.,1983] ,fuzzy-logic [Gee et al., 1991] ,artificial neural network analysis [Canani et al ,2008] modeling approaches [Perriello Zampelli et al ,2012] , Fuzzy Analytical Hierarchy Process (FAHP) [Shadman Roodposhti et al., 2010] , Geographically weighted principal component analysis [Faraji Sabokbar et al., 2014] etc, that most of which are related to the weight of landslide factors. Above studies demonstrate that many techniques have been used for landslide susceptibility mapping and have achieved excellent results. Therefore, FAHP, as a common and important technique, for landslide susceptibility mapping, was used to create a landslide susceptibility mapping for Dozein basin, Iran. The main difference between present study and the approaches described before is that we combined three model AHP, Fuzzy logic and frequency ratio to calculate landslide susceptibility hazard in Dozein basin. Therefore, it is predicted to have better results rather than past studies.
. Materials and Methods

Study area
The study area is located east of Golestan province in north Iran, It covers an area of about 5041 ha between longitudes 55°32′E and 55°38′E, and latitudes 37°3′N and 37°09′N. In this area several landslides have occurred in the past and now (Fig.  2) . The altitude varies from 500 to 2420 m, and it decreases from the northwest to the southeast. Mean annual precipitation and temperature within the study area is 881 mm, 17C°, respectively. Location map of the study area is shown in 
Factors
At the beginning, in the present study, through field work and review of previous works, the nine factors includig aspect, slope, elevation, land use, lithology, distance from fault, distance from road, distance from river and precipitation were recognized as primary effective factors on landslide occurrence. Aspect Despite the fact that some authors (Greenbaum et al., 1995) mentioned that aspect has no significant influence on land sliding, several researchers have reported a relationship between slope orientation and landslide occurrence (DeGraff et al., 1980 , Marston et al. 1998 ). Aspect-related parameters such as exposure to sunlight, drying winds, rainfall (wetness or degree of saturation) and discontinuities may control the occurrence of landslides .In this study slope aspect is divided every 45°. Thus there are 8 intervals Slope Slope is one of the major factors in landslide susceptibility map because slope have direct effect on landslide process, therefore it is frequently used in landslide susceptibility map [Ayalew et al., 2005 , Jordan et al, 2000 ] Elevation Some researchers use elevation as a controlling parameter for landslides [Creighton et al, 2006] . But some researchers have found that landslide activity, within a specific basin, occurs at certain elevations [Hatamifar et al., 2012] , but the relationship between landslide activity and elevation is still unclear, hence it requires further studies. However, in most regions of the Northern Hemisphere, relations between elevation and the rainfall is directly but in some area such as the southern slopes of the Alborz Mountains this relation is inversly, on the other hand elevation have a direct relation with temperature of air, so that by changing these two parameters (rainfall and temperature), amount of storage water, vegetation and evapotranspiration ,etc. Is change that these parameters have negative or positive affect on landslide In this study elevation is divided for every 500 m; thus there are 4 categories Land cover Landslides are natural occurring phenomena and will occur whether people are there or not. However, human practice may accelerate the occurrence or play a significant role in the occurrence of landslides [Cheng et al, 2007] . Land cover is mainly dominated by various types of woods, rangeland, grassland residential area and cultivated land [Dai et al, 2001] . Lithology It has been widely recognized that lithology greatly influences the occurrence of landslides, because lithological and structural variations often lead to a difference in the strength and permeability of rocks and soils [Champati ray et al ,2007] . Lithology is one of the main factors for landslide susceptibility zonation [Kayastha et al ,2013] .
Distance from faults
Faults are the structural features, which describe a zone of weakness with relative movement, along which landslide susceptibility is higher [Pourghasemi et al ,2009] . It has generally been observed that the probability of landslide occurrence increases as the mentioned distance decreases, which not only affect the surface material structures but also make contribution to terrain permeability causing slope instability [Iovine et al, 2008] Distance from road The distance to road parameter reflects human activities [Pourghasemi et al., 2009] . In other words, landslides may occur on the slopes intersected by roads [Nielsen et al, 1979] . According to recent studies, cutting slopes for highway construction and frequency vibrations caused by cars would induce landslides (Mittal et al., 2008) .Distance from river Generally, potential of landslides increases by decrease in distance to rivers, because streams may adversely affect stability by eroding the slopes or by saturating the lower part of material, resulting in water level increases [Ercanoglu et al., 2004] .
Precipitation
Most of the landslides occur after heavy rainfall; so that water infiltrates rapidly upon heavy rainfall and increases the degree of saturation and potential of landslide occurrence [Pourghasemi et al., 2009] . Annual total rainfall in this basin is 881 mm thus precipitation is one of major parameters in the area study.
Data
In this study, a spatial database considering landslide-related factors (Fig.3) based on extensive field work and previous inventory maps, such as topography, geology, and land cover, was used. Land cover was detected from satellite images such as TM images. The landslide map is in the form of point coverage, the topographic map in the form of line and point coverage at a scale of 1:50,000, the geological map in the form of polygon coverage at a scale of 1:50,000. Nine factors, extracted from the constructed spatial database, were considered when calculating the probability. Contour and survey base points that have an elevation value were extracted from the topographic map was made using the elevation value. The slope, aspect, and elevation were obtained from the Digital Elevation Model (DEM) using IDW model. The distance from river and road was calculated using the topographic map. A lithology and fault map of the study area is digitized from the existing geology map at the scale of 1:100,000 from the geological survey of Iran (GSI). Finally, land cover data was classified from a LANDSAT TM image using the supervised (maximum likelihood) classification method. Overall, the Dozein basin data set comprised of 283 rows by 251 columns, with a total cell number of 71033 Figure 3 . Input data layers
Analysis
The analytic hierarchy process (AHP) is one of the most commonly used methods of assessment which works base on a premise that decision making of complex problems can be handled by structuring the complex problem into a simple and comprehensible hierarchical structure. Despite of its wide range of applications, the conventional AHP approach may not fully reflect a style of human thinking, in which human's judgments are represented as exact numbers. However, in many practical situations, decision makers usually feel more confident to give interval judgments rather than expressing their judgments in the form of exact numeric values. Therefore, AHP technique involves subjectivity in pair-wise comparisons and vagueness and uncertainty dominate in this process. Combining AHP into the fuzzy system brings the fuzzy number of the fuzzy set theory directly into the pair-wise comparison matrix of the AHP. The purpose is to solve vague problems, which occur during the analysis of criteria and the judgment process. FAHP should be able to tolerate vagueness or ambiguity, and should thus be more appropriate and effective than conventional AHP in real practice. A fuzzy set is a class of objects with continuous grades of membership which represents the degree of truth as an extension of valuation. Fuzzy sets generalize classical sets while the indicator functions of these sets are special cases of the membership functions of fuzzy sets for the latter only take values 0 or 1. Therefore, fuzzy analytic hierarchy process (FAHP), a fuzzy extension of AHP, was developed to solve the hierarchical fuzzy problems. In the FAHP procedure, the pairwise comparisons in the judgment matrix are fuzzy numbers that are modified by the designer's emphasis. In order to create the landslide susceptibility map, the frequency ratio model was first used for calculate fuzzy membership. As previously mentioned, the frequency ratio is the ratio of the area where landslides occurred in the total study area, and also is the ratio of the probabilities of a landslide occurrence to a nonoccurrence for a given attribute [Bonham, 1994] : The AHP methodology consists of pairwise comparison of all possible pairs of factors and try to synthesize the judgments to determine the weights (Saaty, 2001) .in this study the relative rating for the dominance between each pair of factors was guided by expert knowledge. A comparison matrix of scores was created (Table 2) . In this study, the value of CR is obtained by the ratio between the values of the indexes CI [matrix's consistency index, whose expression is shown in Eq. (2)] and a random index RI, which is the average consistency index. a CR lower than 0.1 would be acceptable (Ayalew et al. 2004) , although this depends on the objective of the study.
(2) Where λ_max is the maximum eigenvalue of comparison matrix, and m is the number of factors (nine in this study) At the end maps obtained using FAHP of the each factor was incorporated to have the landslide hazard zonation map based on the most susceptible fuzzy operator (Malekian et al, 2012) (3)
Where is the fuzzy membership function for its map, and i = 1, 2... n maps are to be combined (zimerman,1996) . Then, the final map was classified into five classes based on standard deviation (Fig 5) Figure 5. Landslide susceptibility maps Validation The landslide-susceptibility analysis results were verified using the existing landslide locations in the study area and ROC (receiver operating characteristics) method. This curve are obtained by plotting all combinations of sensitivities (on the y-axis) and proportions of false negatives (1-specifity; on the x-axis) that may be obtained by varying the decision threshold (Brenning, 2005) In the AUC method, the AUC, with values ranging from 0.5 to 1.0, is used to assess the accuracy of the constructed model. The AUC defines the quality of the probabilistic model by describing its ability to reliably predict an occurrence or nonoccurrence event (Remondo et al., 2003 ). An ideal model presents an AUC value close to 1.0, whereas a value close to 0.5 indicates inaccuracy in the model (Fawcett, 2006) . The AUC value of the ROC curve for this study was found to be 0.7354 (Fig.6) The International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XL-2/W3, 2014
The 1st ISPRS International Conference on Geospatial Information Research, 15-17 November 2014, Tehran, Iran In addition about 27% of total area fall into the low and very low susceptibility zones which covers approximately about 1308 hectares of study area.
. CONCLUSION
Landslide is one of environmental phenomenon's, which sometimes occur in some parts of Golestan province. Therefore, creation of one regional strategy is very necessary to reduce its damages and maintains natural and human resources. In this study, based on Fuzzy Logic, Frequency Ratio and Analytical Hierarchy Process model and nine data layers the landslide susceptibility in the Dozein basin was assessed, then using ROC, curve these results were verified. The validation results showed that the area under the curve for this study is 7354. The assessment results show that the relatively safe areas that more than 51 % of landslides are distributed in the "very high" and "high" areas, while less than 27 % of landsides occurred in the "Very low" and "Low" areas. According to Landslide susceptibility map, most agriculture (residential areas) together with the pasture fall in both very high and high susceptible zone, and most of very low and low class fall into dense forest area that indicating that human activities played an important role in the landslide occurrence. Therefore, the results of such studies can be used for mitigating the hazard and is very helpful to planners and engineers for choosing suitable locations to carry out developments. To prevent or reduce the risks of landslide in the study area, it is recommended to prevent of degradation and change in natural vegetation.
